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Abstract 
In this work we display the importance of supply chain management through the use of Environmentally Extended 
Input-Output Analysis (EEIOA) and Life Cycle Assessment (LCA). Results show that for most sectors a majority of 
the energy/environmental loads are located in the upstream supply chain, both nationally and abroad. Using the tools 
outlined could therefore help to address important areas to focus the work and guide policies for future energy and 
emissions reductions. Actions can be at an international policy level, using taxes or other measures to counteract 
pollution havens, or they could include specific requirements of the products purchased, environmental labeling, or 
requirements relating to certifications of businesses were products and services are purchased from. The focus of this 
paper is the public sector, more specifically; the municipalities, where - despite the importance of upstream emissions 
is identified with a fraction of 90-95 percent - still most focus is on the 5-10 % of the footprint relating to use of 
heating oil and fuel for transportation.  
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1. Introduction 
In Norway, initiatives aimed at reducing energy use and greenhouse gas (GHG) emissions are 
numerous (for municipalities, see e.g.: [1]). Decision makers compete in making more and more 
ambitious reduction targets. Despite this, most national and global energy and GHG emission indicators 
show that we are not moving in the right direction. Although domestic emissions seem to stabilize, the 
footprint continues to grow [2]. This important issue is caused by an increasingly large part of our 
energy/environmental footprint being caused by consumption of imported products from low labor cost 
countries. This causes energy/emission intensities of production to now increase for the first time in 
several decades [3]. We are hence moving away from creating a green economy. In Norway, this is 
reinforced in magnitude by the increase in consumption. One interesting aspect is how public actors in 
Norway can manage their supply chain to help generating a greener economy. The public sector has a 
particular important role in nourishing a greener economy, being both important in size (1/3 of the 
economy in Norway), and significant amounts of upstream emissions (90-95 %), in addition to the 
powerful policy tools they possess.  
 
Several studies identify consumption as the main driver of environmental pressure [4-7]. This is 
especially the case in the industrialized world. Most standards on carbon accounting are now starting to 
cons greenhouse gas (GHG) emissions in the 
World Resources Institute (WRI) product and supply chain standard [8]. This has resulted in the 
introduction of consumption-based accounting (CBA) [9-11] to contrast and supplement the more 
traditional production-based accounting (PBA). Following the introduction of CBA, the term Carbon 
Footprint (CF) [12-14] has grown in popularity as a term accompanying consumption-based accounting. 
Several definitions of the CF exist [13]. The definition used in this paper is:  
 
The life-cycle GHG emissions caused by the production of goods and services 
consumed by a geographical defined population or activity, independent of whether the 
GHG emissions occur inside or outside the geographical borders of the population or 
activity of interest, calculated using the GWP100 [15]. 
 
The Footprint concept has proven to be effective for communicational purposes, proven by the success of 
Ecological Footprint (EF) [16]. Due to the strong focus on GHG emissions, and the more comprehensive 
life cycle calculation methodologies lately being developed, the CF has increasingly substituted the EF. 
Despite the growing popularity of CF calculations, still most guidelines classify the counting of scope 3 
emissions as voluntarily [17, 18], and if included, often the source of incomplete CFs and possible double 
counting. Discussions on consumption versus production-based accounting are provided by several 
authors [9, 15, 19-22] Related to the public sector, the shift to the inclusion of scope 3 emissions in GHG 
inventories may prove very useful as more and more public actors, such as universities [23, 24], 
municipalities [25, 26], counties [27] and others, are starting to track the GHG emissions resulting from 
their own activities, largely being the provision of services. Emissions related to this have often been 
neglected due to the low amount of direct GHG emissions counted in more traditional production-based 
inventories [28, 29]. Inclusion of scope 3 emissions, embodied in the purchase of products and services 
needed for service provision, may hence provide local decision makers with new possibilities to influence 
a much larger set of GHG mitigating actions, e.g. through green purchasing strategies. 
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2. CBA accounting 
The model we investigate in further detail in this paper is a CBA model applying LCA[30, 31] on 
scope 1 and 2 contributions and EEIOA [22, 32, 33] to cover all Scope 3 contributions. The model, 
Klimakost [23, 34], is developed by MiSA  Environmental Systems Analysis, and has been applied to a 
wide range of both businesses and in particular public actors, as seen in Table 1.  
 
Table 1.  Case studies applying the Klimakost model 
 
Case studies Type Year 
Trondheim Municipality 2007 
Tromsø Municipality 2009 
Lier 
Grønne Energikommuner 
Akershus og Vestfold fylkeskommune 
Sogn og Fjordane fylkeskommune 
Point Carbon 
Oslo kommune 
NTNU 
Trondheim bilkollektiv 
Norsk Vann 
Entra Eiendom 
Oslo kommune 
Municipality 
Network of municipalities 
Counties 
County 
Company 
Households 
University 
Company 
Water & Wastewater org. 
Company 
Municipality 
2009 
2009 
2009 
2009 
2010 
2010 
2010 
2010 
2011 
2011 
2011 
 
The innovative part of the Klimakost model is the inclusion of all Scope 3 contributions in a standardized 
and effective manner using IOA. IOA was originally introduced in the 1930s [35], and  a few decades 
later work begun on adding environmental information to the IOAs, creating Environmentally Extended 
Input-Output (EEIO) models [36]. Further developments included contributions from Dantzig [37] and 
Miller and Blair [32]. Recent developments are numerous; on multi-regionality [10, 11, 38-41], 
hybridization [42-47] and at the sub-national level [15, 21, 48, 49]. An overview of the different IOA 
applications to environmental analysis is provided by Minx et al. [22].  There are several reasons why 
IOA is considered an appropriate calculation methodology for the public sector; firstly, the focus on 
public services mandates a need to take into account non-physical flows. For this purpose standard LCAs 
are found insufficient [29, 50]. Secondly, the financial framework applied by public entities provides both 
a detailed and a standardized format appropriate for EEIO modeling. Finally, EEIO modeling works 
effectively in providing good quality, timely estimates of reliable accuracy compared to the more 
detailed, time-consuming, LCAs. However, a number of weaknesses of EEIO modelling are also 
identified. One is the lack of detail; in Norway limited to 58. The EEIO model will then assume all 
products within each sector to be produced with identical input structure and emission intensities. Further, 
most EEIO models are a few years old due to the time-consuming construction of increasingly complex 
models so that changes in production technology from year to year are not sufficiently captured. Several 
authors now apply combinations of EEIOAs and LCAs, termed hybrid-LCA, to compensate for the 
weaknesses of both [51-57]. 
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3. CBA results of Norwegian municipalities 
The Carbon Footprint of Norwegian municipalities have previously been investigated [25]. Results 
presented in this paper have however several updates; regarding the data investigated we now also include 
investments, and time-series results for 2001 to 2010 are available. Also, the model have been further 
refined including a better modeling of imports, now modeled by using a weighted mean of European 
(EU27) technology assumption.  
 
 
3.1 Time-series results 
 
In Figure 1 the CF from 2001 to 2010 resulting from the activities of all Norwegian municipalities is 
illustrated. We identify an increase of 29 % during this period of time. Normalizing per capita however 
reduces this to an 18 % increase. The results also identify the largest contributors to the carbon footprint; 
energy (assuming a Nordic mix of production at 186 g/kWh) and infrastructure related activities. Also, 
there is an increase of outsourcing of activities through the purchase of services from other, both public 
and private, actors.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Carbon footprint time-series of all Norwegian municipalities  
 
 
These results can easily be derived for each of the Norwegian municipalities and counties and can 
effectively be used in supply chain management to identify the largest contributors to the CF, and thereby 
the focus of mitigation actions. Full Scope 3 accounting ensure complete carbon footprints as a measure 
on sustainability, not influenced by economic/industry fluctuations or changes in outsourcing of activities.  
 
 
3.2 Supply chain structure 
 
In Figure 2 we investigate the CF structure of Oslo, one of the municipalities that have applied the 
Klimakost model to assess the GHG emission resulting from the service provision. The analysis shows 
that only 3 % of the CF relates to direct emissions, mainly from combustion of heating oil and fuel for 
transportation. Further, 21 % of the footprint is caused by the purchase of energy. This leaves the majority 
of the CF to be counted as Scope 3 emissions; indirect GHG emissions from the purchase of goods and 
services. Part b of the figure further divides the CF among the tiers of the value chain. Interesting here is 
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the increasing importance of imports as we go deeper into the supply chain. In total, imports account for 
45 % of the footprint. One important reason for the high fraction from imports is the use of imported 
building materials often with a more energy and climate intensive production compared to domestic 
production.  
 
 
 
 
 
 
 
 
Fig. 2. (a) Scope 1, 2 and 3 classification; (b) Supply chain distribution of CF. Results for Oslo municipality 2010. 
 
3.3 Green procurement 
 
One interesting element arising from the CBA is the possibilities for green procurement strategies. Up 
until now focus areas of these strategies have been chosen quite randomly, and we aim to apply the 
Klimakost model to better fit these focus areas to the most contributing purchasing categories. In Pettersen 
and Larsen [58] we identify that 73 % of the municipal CF is not covered by any environmental 
requirements.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. CF covered by environmental requirements. Energy and investments excluded  [58]. 
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4. Conclusion 
-
However, these calculations may be quite limiting given the high fraction of emissions embodied in 
imports [59, 60] and exports [61] (mainly combustion of Norwegian oil and gas exports), the latter 
actually increasing the Norwegian GHG inventory by a factor of 10. There is hence a need to supplement 
PBA inventories. 
 
The footprint perspective is one of the answers in providing further insights in GHG inventories, and is 
particularly well suited for accounting upstream GHG emissions using LCA and IOA methodology. This 
is illustrated in this paper using the Klimakost model. Results show how we effectively are able to derive 
complete CFs covering scope 1, 2 and 3 contributions. When investigating time-series using the footprint 
perspective we often find a much larger increase of GHG emissions compared to more traditional PBA. 
One important reason for this is that many entities are outsourcing their activities, moving Scope 1 and 2 
contributions to pure Scope 3 contributions, such as the purchase of services. This was one of the main 
conclusions of Larsen and Hertwich [27] in the work on the CF of counties; instead of buying buses and 
fuel for these, counties now often buy transport services from a private company.  Emissions are the 
same; they are just shifted one step in the supply chain. Footprint methodology are able to capture this, 
traditional PBA are not. At the national level we find the same challenges; manufacturing industry is 
moved to low-labor cost countries, reducing direct emissions occurring within the borders of the country, 
at the same time as consumption is rapidly increasing triggering emissions abroad.  Clearly, based on 
these findings, the footprint perspective (CBA) is a superior measure of sustainability compared to 
traditional PBA. 
 
The footprint perspective is further well suited for managing the supply-chain. The focus in this paper, 
the municipalities, constitutes almost 1/6 of the Norwegian economy. Including all governmental 
activities increases this number to 1/3. Clearly the public sector possess a significant purchasing power to 
not only reduce their own CF, but also influencing production technology of suppliers indirectly causing a 
reduction of the CF of  all other final end users. The public sector hence has an important role in creating 
a greener economy. The results of Figure 3 show that there is still some work to do to effectively aim 
green purchasing strategies. Some large elements of the CF is not covered by any environmental 
requirements what so ever. In addition, even those elements covered by environmental requirements may 
also be covered by other requirements weighed more heavily in the purchasing process. Finally, if 
environmental performance is the decisive factor in a purchase, there is still a need for sufficient 
competence within the public administration to assess the different products/services in terms of 
environmentally performance. This is not always an easy task. Having the competence to frame the 
correct environmental requirements for suppliers, and to evaluate these, is essential. Further reading on 
the public green procurement in Norway are provided by De Boer and Michelsen [62].  
 
The main aim of is this paper has been to show how limited the focus on only direct GHG emissions 
is. Often 90 % of mitigation strategies are aimed at only 10 % of the CF. This is clearly not efficient. The 
focus of this paper has been on municipal service provision. However, many of the findings can be 
applied to other parts of the economy. In appendix A we list all Norwegian IOA sectors according to their 
Scope 1, 2 and 3 contributions to the GHG inventory. With the exception of energy, agriculture and 
transport related activities; all sectors have a majority of their footprint classified as indirect (scope 2 and 
3) GHG emissions [63]. This indicates that green purchasing strategies and supply chain management is 
important to a wide range of industries. 
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Appendix A: Scope 1, 2 and 3 fractions of total F  of different IOA sectors in Norway [63] 
 
 
